Manufacturing is an important sector of Pakistan's economy. The main focus of this paper is to analyse the major factors of value-added growth and productivity in the manufacturing sector by using Translog Production Technology over the period 1971-72 to 2004-05. The empirical findings show that the contribution of productivity and human capital is around one-third of the total value-added growth in manufacturing sector which is less than the contribution attributed to these factors in developed and many other developing countries. Conventional factors like capital and labour are still the mainstay in the value-added growth of Pakistan's manufacturing sector.
I. INTRODUCTION
Manufacturing sector has been playing an important role in the economy of Pakistan. In 2005-06 its contribution to GDP and employment amounted to 18 percent and 14 percent respectively. It also plays a vital role in exports whose composition over time has changed significantly from primary commodities to manufactures and semimanufactures with their share in total exports having nearly tripled, from 28 percent in 1972-73 to 79 percent in 2004-05. 1 Development therefore of the manufacturing sector will have far reaching impact on exports, employment prospects, development of agriculture (by providing machinery and other inputs like fertilisers, etc.) and other sectors by bringing technological changes and absorbing technological spillovers from abroad.
This paper aims at measurement of contribution of factor inputs, technological change and technical efficiency to value-added growth in the manufacturing sector together with measurement of total factor productivity (TFP) change index.
The layout of the paper is as follow: a review of literature is presented in Section II. Section III discusses the methodology, variables and data sources. Discussion of empirical findings and comparisons with other relevant findings is given in Section IV. Summary and conclusions with relevant policy suggestions are presented in Section V followed by references.
II. REVIEW OF LITERATURE
The following review is intended to provide an overview of the broad aspects of topical literature relating to the subject of this paper on a selected basis. Abramovitz (1956) did an empirical study for the US labour market for the period 1900-1950 and concluded that almost two-third of the increase in labour productivity could not be explained by increase in factor inputs. Solow (1957) , Schultz (1964) , Ferguson (1965) , Hulten (1973) , and Kendrick (1973) reported similar results for subsequent periods. Perelman (1995) did an analysis for eleven OECD countries for the period 1970-1987 and measured technical efficiency, technological progress and total factor productivity (TFP) growth for the manufacturing industries. According to his findings TFP growth was 1.6 percent and technological progress was 1.8 percent during the sample period. He found that the main contributor in Japan's productivity growth in manufacturing was the efficiency factor. Coe, et al. (1997) used data of 77 countries over the period [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] for measuring technological change and development with spillovers on productivity and growth. They concluded that a developing country can benefit more from the technological progress and innovations occurring in the world and can boost its productivity by importing a larger variety of intermediate products and capital equipments with new technology and innovations. Kruger (2003) measured TFP for a sample of 87 countries for the period 1960-1990. Technological progress contributed about 66 percent of TFP growth in OECD/EU/G7 economies, while the share of technical efficiency was one third of TFP. Kumbhakar (2003) used panel data for 450 manufacturing industries in US for the period 1959-92 to measure TFP and technical change. His results show that capital productivity increased by 6.5 percent. Romer (1986) proposed that development and growth were driven by the accumulation of knowledge. He termed knowledge as a basic form of capital with investment in knowledge and R&D leading to increasing marginal returns of factor inputs. He held that knowledge had a "natural externality" and positive spillovers within and outside the economy.
2 Romer (1990) assumed four basic factors of production in an endogenous growth model: i.e., capital, labour, human capital and an index for the level of technology. According to him, key to growth and sustained development was an adequate stock of human capital. He and Liu (2006) 1965 -1990 . Robinson (1971 estimated technological change, technical efficiency and spillovers caused by human resource accumulation for 39 developing countries and found that, on average, the share of productivity in total growth was 15 percent in these countries. This is a much smaller percentage attributable to technological change, technical efficiency and human capital accumulation than that in developed countries which is over 50 percent in most of the cases. Yanrui (1995) estimated technical efficiency for agriculture and manufacturing sectors of China. According to his estimations, technological change and efficiency contributed about 53 percent in the state industrial sector, 58 percent in the rural industrial sector, and 55 percent in agriculture in the Chinese economy. Zheng, et al. (2003) measured TFP in Chinese state-owned enterprises (SOEs) for the period 1980-1994. Their findings show that technical progress contributed significantly in the TFP growth for Chinese SOEs during the reference period and its annual average growth rate was as high as 10 percent. Technical efficiency ranges between 50 to 80 percent during the reference period. TFP grew at significant rates of 3 percent to 12 percent during 1980-1989, and at 3 percent to 8 percent during 1990-1994. Education was found to play a significant role in technical efficiency. Ruhul (2006) found that in food manufacturing sector in Bangladesh, efficiency ranged between 60 to 81 percent which could be increased by 19 to 39 percent through human capital accumulation in the form of education and on job training. Cheema (1978) found high productivity growth rate and significant contribution in the manufacturing sector of Pakistan while Ahmed (1980) who estimated productivity growth for the period 1958-70 found low gains in labour productivity. Kemal (1981) analysed the impact of technological change and technical efficiency for the period 1959-60 to 1969-70. He found overall decreasing returns to scale. Kemal and Ahmed (1992) estimated technological change, efficiency growth and productivity for agriculture and manufacturing as well as for the whole economy of Pakistan, but their studies suffer from certain limitations due to use of various functional forms to get estimates of technical efficiency without determining which form was appropriate for which industry. Kemal, et al. (2002) analysed technological change, technical efficiency and TFP for Pakistan. According to their estimates, TFP grew at a rate of 1.66 percent for the period 1964-65 to 2000-01 and its share in growth of GDP was roughly one-third during the period. TFP in the manufacturing sector showed an average growth of 3.21 percent during 1964-65 to 2000-01 and 4 percent during the sixties mainly through the process of learning by doing coupled with improved export competitiveness. Khan (1989) measured elasticity of substitutions between inputs, technical progress and returns to scale in the manufacturing sector of Pakistan by using two-level CES production function. He calculated low elasticity between labour, capital and energy and found that the manufacturing sector was exhibiting decreasing returns to scale having experienced disembodied technical progress at the rate of 3.7 percent per annum. Mahmood (1989) used Translog Cost Function to estimate derived demand for factors in the large-scale manufacturing sector of Pakistan. The estimations found that capital and energy were complementary, and labour, capital and energy were substitutes. The lifting of any subsidy on energy and capital would tend to reduce the energy and capital intensity and, in turn, would increase the labour-intensity in the large scale manufacturing sector of Pakistan. According to his results, adoption of such a policy could help in reducing the burden of unemployment. Mahmood (1992) further used Translog Cost Function to estimate the effects of change in government's pricing policy and external price shocks on factors demand for the industrial sector of Pakistan. According to this study, the skills of the labour force improve with technological advancements and growth in income. He found that production and non-production workers were high substitutes in the pre-energy shock period and had become marginally stronger substitutes in the post-energy shock period. Ali and Hamid (1996) measured technological change, technical efficiency, productivity and their impact on input demand for agriculture and manufacturing in Pakistan. They found that major contributors to value-added growth in both sectors were primarily traditional factors of production. Tariq, et al. (1997) estimated factor substitution, technical efficiency and employment generation in large scale manufacturing industries of Pakistan and found that technological change was capital intensive and labour saving.
Mahmood and Siddiqui (2000) measured TFP for manufacturing in Pakistan over the period 1972 to 1997. They found that increased expenditure on R&D, growth of scientific and technical manpower and growth in knowledge and human capital had a significantly positive impact on TFP growth in manufacturing. Knowledge and human capital were found to explain 30 percent and 18 percent of the variance in TFP, respectively. They also found positive and significant impact of openness and trade liberalisation on TFP.
This review of relevant literature reveals that human capital, technological change and technical efficiency are important sources of growth in the developed countries but these factors have exhibited less importance in developing countries like Pakistan. As a result, only a few studies on human capital accumulation, technological progress and technical efficiency are available especially on Pakistan, and those few also suffer from certain analytical limitations using e.g., Hicks neutral technological change assuming that technological change is happening at a constant rate. In the present research, technological change, technical efficiency, and productivity growth are measured for the manufacturing sector of Pakistan. Besides this, the study also endeavours to measure the major determinants of growth and productivity and the absolute and relative shares of these determinants of value-added growth and TFP in the manufacturing sector. Empirical analysis with international comparisons will be made in this background with related policy implications and conclusions.
III. METHODOLOGY
The following factors are assumed to be the major contributors to value-added growth in manufacturing: Labour and capital have since long been considered as among the most important factors of production in the literature. The more recent studies like Romer (1986 Romer ( , 1990 , He and Liu (2006) and Yanuri (2006) , etc., have also used the level of technology and human capital as important factors in the analysis of total factor productivity. This paper also assumes both of these factors as key contributors to valueadded growth in manufacturing along with traditional factors of labour and capital. In order to measure the major factors contributing to value-added growth, technological change and technical efficiency (which in-builds overtime due to human capital formation), the Translog production function for labour, capital, human capital and technology can be written as:
The following homogeneity constraints are implied in the Translog production function:
Subject to these homogeneity constraints, the Translog production function will be estimated in conjunction with a cost share function with cross-equation restrictions imposed, a method suggested by Berndt and Christensen (1973) . Labour, capital and human capital cost share equations are derived as:
Where CS L , CS K , CS H are the labour, capital and human capital shares of total cost, respectively.
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The cost share equations will be estimated by applying "Seemingly Unrelated Regressions" [Zellner (1962) ]. The Translog production function can also be estimated by using a Stochastic Frontier Approach (SFA), adopting a more flexible approach for restriction conditions.
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Following Baltagi and Griffin (1988) and Kumbhakar (2003) , single output Translog cost function in the form of time trend model is written as:
Where
The first restriction is due to symmetry; the rest due to the fact that cost function is homogenous of degree one in the input prices. where
From the Translog cost function given in Equation 9, technological change is measured as follows (technological change being defined as the percentage change in the total cost over time ceteris paribus):
Measurement of Total Factor Productivity (TFP) Change Index
The TFP change index is defined as the difference between rate of change of output and rate of change of inputs:
Where  TEP TFP . = total factor productivity change index y . = rate of change of output x . = rate of change of inputs 5 The coefficients of Translog function can also be estimated from Equation (2) by using OLS technique. However, there may occur multicollinearity problem (as labour and capital increase with a specific ratio which results in the existence of a relationship between two explanatory variables and this specific relationship causes multicollinearity problem). In order to overcome this problem we have estimated cost share equations by applying SURE. Parameters of variable H can be estimated from cost share of labour and cost share of capital by using equality constraints.
6 Stochastic Frontier Approach (SFA) was introduced by Aigner, et al. (1977) and Meeusen and Van den Broeck (1977) .
TFP growth can be estimated by subtracting the contribution of measured inputs growth from output growth.
Measurement of Absolute and Relative Contribution
The method for calculation of absolute contribution was introduced by Hicks (1979) and calculation of relative contribution by Hadjimichael, et al. (1995) . The absolute share of any factor of production towards growth can be found by multiplying the estimated coefficient of the explanatory variable by standard deviation of the respective explanatory variable. The relative contribution for each independent variable can be measured by dividing its estimated absolute share by the standard deviation of the dependent variable. The relative share of variables will be unit free.
Data and Variables Description
The above model for the measurement of major factors contributing to valueadded growth and productivity, technological change, technical efficiency and relative and absolute share of factors in the manufacturing sector of Pakistan is based on the following variables and data sources (data series covers the period from 1972-73 to 2006-07). All data is converted on 1980-81 constant market prices. Real value-added in manufacturing sector on constant market prices is used and data sources for value-added include the Pakistan Economic Survey (1990-91 and 2007-08) and Pakistan (1999) 
Capital Stock
Capital stock is measured by using perpetual inventory method as per following equation:
Where K t = Capital Stock in current year. For estimating the initial capital stock K(0), the method used by Nehru and Dhareshwar (1993) and Khan (2006) is being followed. The capital stock series will be generated in the following way:
Where I = o to t-1 K(0) = initial capital stock in year zero. Nehru and Dhareshwar (1993) and Khan (2006) used a modified Harberger (1978) method to estimate K(0). The value of investment for the first year is estimated by way of a linear regression equation of the log of investment against time. The estimated value of investment for the base or zero year is used to calculate K(0) as per following equation:
Where gr = Compound value-added growth rate  = Depreciation rate Various depreciation rates have been used in empirical studies. Here 5 percent capital depreciation rate is assumed. Several other studies used 4 percent depreciation rate e.g., Nehru and Dhareshwar (1993) , Collins and Bosworth (1997) , Khan (2006) , etc.
IV. EMPIRICAL FINDINGS
The measurement of major determinants of value-added growth and the contribution of factor inputs, technological change and technical efficiency to valueadded growth in the manufacturing sector of Pakistan is presented in this section. It also includes calculation of relative and absolute shares of factor inputs in the value-added and the measurement of total factor productivity change index (TFPI). Table 1 presents the estimated results for Translog Production Function in manufacturing. Zellener's Seemingly Unrelated Regression Equations (SURE) technique has been used to find the estimations. All the results are according to theoretical expectations. The estimated coefficient for technology is 0.02, a positive contribution towards the value-added growth in manufacturing. The estimated t-value shows that the coefficient is significant at 1 percent level of significance. The estimated coefficient for capital stock (K) is 0.65 and has a 1 percent level of significance. The estimated coefficient for labour and human capital are 0.15 and 0.20 respectively. 8 The contribution of factor inputs, technological change and technical efficiency to the value added in manufacturing is presented in Table 2 . The estimated share for capital (K), Labour (L) and Human Capital (HK) are taken from Translog production function estimations presented in Table 1 and these are 0.65, 0.15 and 0.20 respectively. The weighted growth rates for K, L and HK are measured by multiplying average growth rates of these variables by their respective estimated coefficients in Table 1 . The calculated weighted growth rates for K, L and HK are 3.83 percent, 0.48 percent and 1.00 percent respectively. The share of total factor inputs growth in value-added of manufacturing accounted for 5.31 percent. The share of technological change and technical efficiency in value-added is the difference between the average value-added growth (6.6 percent) and total factor inputs weighted growth rates (5.31 percent). This estimated TFP contribution accounted for 1.29 percent. The estimated shares as percentage of total value-added growth in manufacturing show that capital stock contributes the maximum (58 percent) while labour and human capital contributes 07 percent and 15 percent respectively. One reason for this insignificant role of human capital is that technical and vocational training is given low priority and is not of that quality in Pakistan which enables human capital to bring new significant technological changes and can compete internationally and absorb technological spillovers from the advanced world. The total contribution of input factors accounts for 80 percent. The contribution of technological change and technical efficiency (TFP) is 20 percent and the contribution of TFP and human capital in value-added growth rate of manufacturing accounts for 35 percent.
Translog Production Function Estimates for the Manufacturing Sector

Measurement of Absolute and Relative Contribution to Manufacturing Value-added and Calculation of TFP Change Index
The estimated results are depicted in Tables 3 and 4 respectively. The absolute shares for capital, labour and human capital are 0.398, 0.039 and 0.076 respectively. The relative shares for these explanatory variables follow the same pattern which for capital, labour and human capital are 0.621, 0.061 and 0.119 respectively. The measurement of absolute and relative shares show that value-added growth in manufacturing depends more on physical factors of production and less on human capital. Table 4 presents the calculations for total factor productivity (TFP) change index in the manufacturing sector from the estimations based on Translog production function given in Table 1 . Column (2) in Table 4 shows overtime rate of change of value-added in the manufacturing sector, while columns (3), (4) and (5) show overtime weighted rate of change of inputs i.e. weighted rate of change in capital, labour and human capital. The aggregated weighted rate of change of manufacturing inputs is presented in column (6). The difference between column (2) and column (6) i.e. difference between rate of change of value-added and the rate of change of aggregated weighted inputs is given in column (7) which is the overtime TFP change. The three years moving average growth counts for the sample period are measured at 0.0644, 0.0496 and 0.0147 for value-added, weighted aggregated inputs and TFP respectively. The last column in Table 4 shows the TFP Index which has changed from 100 in 1972-73 to 147.11 in 2004-05. Table 4 Manufacturing TFP Change Index (1972 -73 to 2004 
V. SUMMARY AND CONCLUSIONS
The findings of this study show that conventional factors of production are still the mainstay for value-added growth in manufacturing, contributing about 65 percent of the total value-added growth, while the shares of human capital, technological changes and technical efficiency were measured at 14 percent and 22 percent respectively. TFP along with human capital was contributing around 35 percent to the total growth in the manufacturing sector. This is significant but not up to the required level as in case of developed and in some developing countries its share has been reported at over 50 percent. Based on the empirical findings, the following recommendations and conclusions may be derived:
 Human capital should be given top priority by allocating more resources to education, training, health and to other measures along with physical factors so that human capital can properly be used for enhancing growth of the economy.  Education policies should be devised according to the requirement of the economy and technical, vocational and professional education must be given top priority as the manufacturing sector has very high need for technical and vocational labour force.  As openness of the economy is important for raising value-added growth and attracting more technological innovations and spillovers, there is need to search for new markets for Pakistani products through international publicity and interaction with other countries, especially with less developed and neighbouring countries.
